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Environmental Surveillance Around A Nuclear Fuel 


Reprocessing Installation, 1965-1967 


William J. Kelleher’ 


A summary report of environmental surveillance around a nuclear fuel 
reprocessing plant is presented. This report includes data obtained before and 
after the plant began operations in April 1966. Media monitored included air 
and milk supplies in the surrounding area; liquid wastes; local watersheds and 
streams; silt, deer, and fish in the plant perimeter area. Data obtained through 
1967 indicate that the discharges from the plant stack have not produced 
environmental effects from particulate beta-particle emitters or iodine-131 that 
might constitute a public health hazard. Surveillance of the streams showed 
greater concentrations of strontium-90 during the fall and winter of 1966-1967 
than in the latter part of 1967. Silt removed more cesium-137 than strontium-90; 
most of the latter was in the dissolved state. The ratio of cesium-137 to cesium- 
134 (cesium-134 is indicative of spent fuel) in the wastes was about 4 or 5 to 1. 
The levels of radioactivity in deer and fish were sufficiently high to require 
careful evaluation of the public health significance. 





Spent fuel from nuclear reactors is processed by 
Nuclear Fuel Services, Inc. (NFS) on a 3,300 
acre State-owned site, 30 miles southeast of 
Buffalo, in the town of Ashford, Cattaraugus 
County, New York. The company operates 
under a license from the Atomic Energy Commis- 
sion (AEC) and is allowed to discharge radio- 
active materials to the atmosphere and to local anata 
water courses. The 3-year surveillance program rt aati 
(1965-1967) includes data obtained before and | Pa | ill 
after the plant started to reprocess fuel elements 
in April 1966. 

The location of the site and its relation to = 


Creek 

Cattaraugus and Buttermilk Creeks is shown in “Gis ; _— 
figure 1. Atmospheric discharges from the plant RTE 
are through a 200-foot-high stack at an air-flow Bio nil 
rate of 40,000 to 45,000 cfm. Permitted discharges 
are: krypton-85, 12,600 curies per day; iodine-131, 


3.3 curies per year; gross alpha and gross beta 














1 William J. Kelleher, P. E., is chief, Nuclear Engineering 
and Surveillance Section, Bureau of Radiological Health, 
New York State Department of Health, Albany, N.Y. 


Figure 1. Nuclear Fuel Services environs; open 
reservoirs, impounding reservoirs, and watersheds 
of public water systems 
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radioactivity on particulates, 0.1 microcuries per 
second (1). 

The liquid wastes are continuously monitored 
while passing into one of two intercepting tanks. 
After laboratory analysis, the tank content is 
drained into the first of three holding lagoons or is 
pumped back to the plant for evaporation and 
storage. The holding lagoons are in series and 
provide 40 to 120 days of storage depending on 
liquid-waste flow. The third lagoon is routinely 
analyzed and discharges are made at a rate such 
that concentrations after dilution in Cattaraugus 
Creek averaged for the year will not exceed the 
concentrations set forth in the Code of Federal 
Regulations 10-CFR-20? for releases to unre- 
stricted areas, and at any time shall not exceed 
twice these concentrations (1). Each day, the 
flow in Cattaraugus Creek is determined and the 
release rate from lagoon 3 (controlled by a V-notch 
weir) is regulated. 

Discharge of the waste is to Franks Creek, which 
flows into Erdman Brook, to Buttermilk Creek, 
to Cattaraugus Creek, and thence to Lake Erie. 
The State-owned site includes a small section of 
Cattaraugus Creek on both shores where Butter- 
milk Creek enters Cattaraugus Creek. Although 
the waste is diluted as it flows into the different 
streams, there are approximately 2 miles of Butter- 
milk Creek and 1 mile of Erdman Brook and 
Franks Creek on the site where concentrations 
are much greater than the 10-CFR 20-limits. 

The waste lagoons and the contaminated 
sections of Buttermilk, Franks, and Erdman 
Creeks are accessible to deer for drinking. Mi- 
gratory fish such as suckers can swim up Butter- 
milk Creek beyond the entrance of Erdman 
Brook. 

Another source of liquid waste is from two 
holding lagoons at the burial site located upstream 
from the reprocessing plant on Franks Creek. 
Rain water that has entered an open trench is 
pumped into a holding lagoon in order to provide 
dry working conditions in the open end of the 
trench. Radioactive materials from previously 
deposited crushed containers are leached out and 
significant concentrations of various radionuclides 
have been found in the holding lagoons. These 
radionuclides are pumped into Franks Creek at a 
controlled rate after analysis. 

The revised safety analysis report (2) submitted 
by the company in August 1964, estimated that 


330 


the gross radioactivity in Cattaraugus Creek 
would be about 0.1 pCi/liter, exclusive of tritium. 
The surveillance program of the State Health 
Department initially concentrated on vectors 
affected by airborne releases originating from the 
stack. A single water sampling station was estab- 
lished on Cattaraugus Creek as a check on opera- 
tions. It was not originally planned to do extensive 
studies on wildlife, fish, and silt, because at the 
concentrations predicted in the saftey analysis, 
the possible reconcentration of radioactivity in 
fish and wildlife was not expected to be a problem. 

The company first started to dissolve fuel in 
April 1966, beginning with fuel that had little 
burn-up and progressing to spent fuel with more 
normal burn-up by August 1966. Beginning in 
September 1966, curie quantities of radioactive 
materials were being discharged to Franks Creek 
each month. 


E ffects of stack discharges 


In order to determine the possible effects of 
stack discharges on the environment, the State 
Health Department has monitored air and milk 
supplies in the surrounding area and has reviewed 
the stack discharges reported by the company. 
In addition, gamma radioactivity has been meas- 


Table 1. Gross beta radioactivity in air particulate 
samples, 1965-1967 





Concentration 
(pCi/m*) 


Site number 





1965 1966 





Average <i 
Maximum 


Average 
Maximum__-_-- 


Average 
Maximum___-_- 


Average 
Maximum __-_-- 


Average 
Maximum__--- 


Average 
Maximum ____- 


Average 
Maximum 


Average 
Maximum 


5 Average 
Maximum 


Statewide: * 
Average 
Maximum 











« Excludes samples from NFS area. 
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Figure 2. New York State Surveillance Program for Nuclear Fuel Services 
Facility, site numbers, and locations, 1965-1966 


ured at 30 different sites, using a pressurized ioni- 
zation chamber. The locations of the sampling 
stations by number are shown in figure 2. 

Air samples are taken continuously at 5 different 
locations for a 7-day period, using a 2-inch glass- 
fiber filter at an air-flow rate of 1.1 cfm. These 
samples are analyzed for gross beta radioactivity. 
In the statewide surveillance program, a value 
below 1.0 pCi/m’ was not considered significant 
because of fluctuations in fallout caused by 
occasional atmospheric weapons test. The decline 
in fallout as a result of the limited test-ban treaty 
has allowed better comparisons of air concentra- 
tions below 1.0 pCi/m*. A summary of the air 
results and a comparison with the statewide 
average is given in table 1. Table 2 presents a 
summary and an explanation of air results greater 
than 0.3 pCi/m* for the NFS site for the years, 
1966-1967. If reasonable dilution factors for each 
site are considered, the volume of air sampled is 
not large enough to provide the sensitivity re- 
quired to detect the maximum rate of particulate 
radioactivity that is allowed to be discharged. 


2 Title 10, Part 20 of the Code of Federal Regulations. 


August 1969 


Table 2. Radioactivity is air samples at Ashford, N.Y. 
1966-1967 





a Eee 
Collection | Gross | 
Site number and location dates beta 
(pCi/m') 


Expla- 
nation 





1966 
Buttermilk Creek at Fox 

Valley Road bridge 6/22- 6/28 
8/24- 8/30 
11/ 9-11/15 
11/16-11/22 


6/10- 6/16 
6/17- 6/23 


Walter Feuz farm near 
Edies siding 

Harmon Houri’'s farm 2 
miles 8.W. of NFS_-- 8/16- 8/22 

Devere Zefer's farm on 
county road 32, 1.5 
miles north of Riceville_- 


Robert Emerson’s farm 
on Thomas Corners 


Walter Feuz farm-_-_- -- 
Harmon Houri farm_--- 


12/14-12/21 
12/19-12/21 

















« A Chinese nuclear explosion in the atmosphere occurred on May 9, 1966. 

> A French atmospheric nuclear explosion occurred in the Atolls on May 
2, 1966. 

¢ A Chinese atmospheric nuclear test occurred on August 28, 1966. 

4 The Environmental Radiation Surveillance Report No. 5, March 11, 
1968 prepared by the Standards and Intelligence Branch, National Center 
for Radiological Health, PHS, showed that during the period, December 
12-21, 1967, slightly higher than normal readings occurred at many of the 
air sampling stations in the United States. It is believed that the slightly 
higher readings found in the NFS area were caused by residual radioactivity 
in the atmosphere from weapons testing and not from stack discharge. 


331 





However, past experience in the State with fall- 
out from weapons testing indicates that this 
method of air sampling is sensitive enough to 
predict significant increases in the strontium-90, 
cesium-137, and possibly iodine-131 in the milk of 
cows grazing on land on which the radioactivity 
may accumulate. 

The average and maximum values for milk 
samples taken in 1965 through 1967 for the NFS 
area are given in table 3; the statewide values are 
also shown for purposes of comparison. The iodine- 
131 data indicate no detectable releases. This 
result was expected since most of the fuel elements 
processed were aged. Starting in 1967, an ion 
exchange procedure and separate counting for 
iodine-131 was adopted for milk, but even with 
the more sensitive procedure, the presence of 
iodine-131 in milk attributable to discharges from 
NFS was not detected. 


Table 3. Milk samples, 1965-1967 


The cesium-137 and strontium-90 in cows’ milk 
from individual herds in the NFS area were not of 
high enough concentration to indicate that stack 
discharges made any detectable contributions of 
these radionuclides to the milk. For comparison 
with other sample taken in the State, it should be 
noted that individual herds were sampled in 
the NFS area, while most statewide samples were 
composited. Even before operations were started 
at the plant, some farms in the NFS area showed 
higher strontium-90 and cesium-137 concentra- 
tions in the milk than did most stations in the 
State. This is probably attributable to differences 
in farming practices (3). 

Background gamma radioactivity readings were 
taken at 30 different sites in the NFS area in 1964, 
utilizing a Reuter-Stokes RSG-9 pressurized 
ionization chamber (4). In 1967, repeat readings 
were made and compared with concurrent values 
in other areas of the State. The 1967 data indicate 


Location 
site number 





Concentration 
(pCi /liter) 














Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum 


Average 
Maximum -- 


Average - — 
Maximum - ----- 





Statewide: * 
Average 
Maximum 








« Excludes samples from NFS area 
NS, no sample. 
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that the decrease in the NFS area was not as great 
as the decrease in background in other areas of 
the State. The differences were extremely small 
and could not be directly related to stack releases. 
This phase of the study is being continued through 
1969 and will be reported at a later date. 

The data obtained through 1967 indicate that 
the stack discharges have not produced effects on 
the environment that might represent a public 
health hazard. The State Health Department, in 
cooperation with the U.S. Public Health Service, 
has been attempting to develop an economical 
means of monitoring for krypton-85 and other 
gaseous beta-particle emitters. Monitoring was 
not conducted during the 1965-1967 period to 
ascertain the presence of krypton-85 outside the 
fence line. 


Effects of liquid waste discharges 


A summary of liquid waste discharges reported 
by the company (5) is given in table 4. To a cer- 
tain extent, the wastes were released in proportion 
to the flow in Cattaraugus Creek. Examination 
of tables 5, 6, and 7, and figure 4 indicate some 
general characteristics. 

1. Higher concentrations of strontium-90 were 
found in Cattaraugus Creek in the fall and winter 
of 1966-1967 than were found in the latter part 


of 1967. Strontium-90 represents a significant 
part of the total gross beta radioactivity. 

2. Cesium is removed in greater quantities in 
silt than strontium; most of the strontium-90 
is found in the dissolved state. 

3. The ratio of cesium-137 to cesium-134 in the 
wastes is about 4 or 5 to 1. Cesium-134 is indica- 
tive of spent fuel and is not a significant com- 
ponent of fallout from weapons testing. 

Data on samples taken from the discharge of 
waste lagoon 3 are given in table 5. 

The average and maximum values for radio- 
activity found in Buttermilk and Cattaraugus 
Creeks are summarized in table 6. Figures 3 and 4 
show the average monthly concentrations of 
gross beta radioactivity and of strontium-90, 
respectively, in Cattaraugus Creek at Springville 
Dam (site 42 on figure 2). This is a State operated, 
continuous-sampling site, 2 miles downstream 
from Buttermilk Creek. The results show that the 
maximum limit allowed for strontium-90 by the 
AEC (300 pCi/liter) was not exceeded. 

Values for silt samples are shown in table 7. A 
study of silt behind Springville Dam was made in 
June 1967. As might be expected, the larger 
particles near the inflow to the pond contained 
less radioactivity per unit weight than the smaller 
particles in the center of the pond. 


Table 4. NFS monthly liquid waste discharge 





Month Volume 


Total radioactivity released» 





| (gallon)* 


| Alpha radioactivity | 
! ~* 


Beta radioactivity Tritium 


(Ci) 





February -_- 

March_ 

Duet... 

May-- 

June-_--- 

July _ --- 

August_-_-_ . 
September __- 

October - - 

November-.-- - - -- a 
ES: 





ONS bhe hm = 
sents . 


January -- 
February _- 
March___- 
April 
a 

GE sens saws 
— ae 
August-___- ‘ init 
September-_-.- : : 
October - ‘ 
November-_- : nals 
December _ - - - - - - - - heirs 








NWNWNNWNHNK New 


ere ql 
eocseeedee 


Dh AWOWRW 
xX KK KK KK 
cooososcse 


mere w Om 
eRe OUNkOOUNN 








ay VQrkwror 


xxxKK KK KK KKK 
Nee ee ROR te 


ee NON OA 
Boe i G9 NONE Oo 


wot 
No 





* Calculated by NFS as 1,240,000 gallons per month in original safety analysis report. 


> Limit 48 curies per quarter exclusive of tritium. 
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Table 5. 


Radioactivity in water samples from waste lagoon 





Grab sample 
collec 
1/29/67 


Radioactivity 
(pCi/liter)* 


Composite Grab sample 
samples collectec | 
collected 7 /67 

6/67 


Grab sample 
collectec 
9/8/67 





Gross beta radioactivity 
Suspended 
Dissolved 
Strontium-90 
Suspended_-_-- 
Dissolved _ 
Tritium. ...- 
Uranium (ppm “by weight) 
Cobalt-60 
Ruthenium-106_ 
Cesium-134 
Suspended han 
co nasatnamedioin 
Cesium-137 -- - : 
Suspended - -- 
Dissolved - 
lodine-129___ 


28: 





Antimony-125.............- : 


s8 8 


w 





Grab samp! 
6/14/67 | 
NA b8 700 








* All concentrations are in units of pCi/liter except for uranium which is in units of ppm. 


b Data from U.S. Public Health Service. 
NA, no analysis 


A limited number of samples were examined to 
determine the presence of plutonium and uranium 
in the effluent and in local streams. The results, 
summarized in table 8, indicate that these radio- 
nuclides were not present in sufficient amounts to 
cause concern; however, they should be deter- 
mined periodically in the future because of the 
variability of waste discharges. 








Deer and fish sampling results are given in 
tables 9 and 10. The 3,300-acre site is surrounded 
by a 3-foot-high fence, and a 10-foot-high ex- 
clusion fence surrounds an area of 90 acres around 
the main part of the plant and burial site. Deer 
taken in 1966 were from the general NFS area 
outside the site perimeter fence. The deer samples 
taken inside the exclusion fence in December 1967 


Table 6. Radioactivi ity in water samples 


Concentration 
(pCi/liter) 





Site number and location 











Gross 


Tritium 
beta 





Buttermilk Creek, upstream 
Average_ ; 
Maximum. 


Cattaraugus C resk, , upstream 
Average-.-_--- 
Maximum_.- 


B uttermilk Cresk,. dow. nstream 


Maximum 
Cc attaraugus Creek, dow ustream 
Average _- 
Maximum. 
Cc attaraugus sus C reek, downstream 
(Gowanda) 








Cattaraugus Creek, downs netream 
(Irving Bridge) 
| . 
Maximum- eine 


Statewide 
Average_-_-_- 
Maximum- --. 





320 ,430 
i, 452, 000 





30 ,730 
183 ,170 


21,510 
100 ,950 


24, 710 











a Samples from Buttermilk C veok ¥ were not taken during period of discharge from Nuclear Fuel Services o fer latter or half of year 1966. 
> Fresh water samples excluding those collected from the Nuclear Fuels Services area. 
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Average upstream concentration for 1967 at site 7 is 5 pCi/liter 





Figure 3. Gross beta concentrations at Springville 
dam site 42 - monthly averages, 1966-1967 
are significantly higher in radioactivity, probably 
as a result of drinking contaminated water. There 
were two or three openings in the exclusion fence 


Table 





7. Radioactivity in silt samples 


caused by stream erosion and deer had access to 
2-14 miles of contaminated water in Buttermilk, 
Erdman, and Franks Creeks not protected by the 
exclusion fence. 

The results of fish sampling reflect the three 
characteristics of wastes cited previously. The 
strontium-90 concentrations were high. Whole, 
uncleaned fish were analyzed; no attempt was 
made to analyze the flesh, bone, scales, and in- 
testines separately. Most of the fish, obtained 
by shocking, were suckers, which are bottom 
feeders. Studies performed in the Clinch River 
(7) where similar wastes were discharged, showed 
that bottom feeders could have more strontium- 
90 than cesium-137 in the flesh. This relationship 
is unlike that in game fish, where the cesium-137 
in flesh was higher. Suckers are taken from Cat- 
taraugus Creek for food, especially in the spring- 
time. In addition, there may be a practice of 
grinding up the flesh and bone to make fishburgers. 


Site number and location Collection date 





Buttermilk Creek, downstream 29 /66 
30 /66 
27 /67 
6/67 
20 /67 
27 /67 
30/66 
/27 /67 
6/67 _-- 
13/67 
20 /67 
/27/67 


Buttermilk Creek, upstream 


Cattaraugus Creek, downstream 
(Springville dam) 30 /66 
27 /67 

2/28/67 

3/ 7/67 

3/14/67 

5/ 5/67> 


Location A*__- 
Bs_ 5 /67> 


Cattaraugus Creek, downstream 
(Felton bridge) - oe 


Cattaraugus Creek, upstream 
(Bigelow bridge) - 


5-mile Creek, south 
Cattaraugus County (background): 
Buttermilk Creek upstream, Pfeffer’s Pond 
(background) __- 
Waste lagoon #3_____- 





9 





: 

By, 
|» 
| 

| 


770 


Concentration 
(pCi/g dry weight) 





éRu IMCs *Zr-Nb 





47 
589 


tote beim im Oo 


im miots 


mr 








6 
1,700 
74 


A 
11,100 


7 
11,100 


11,100 2,400 


* Locations A-E were taken through the center of the pond perpendicular to the dam; A was located at the upper end of the pond approximately 2,500 


feet from the face of the dam; B, approximately 2,000 feet from the face of the dam; C, approximately 1,500 feet; D, approximately 1, 


feet; and E, ap- 


proximately 500 feet. Location F was near the entrance to the penstock, abou‘ 60 feet from the face of the dam and 5 feet from the north shore. 


+ Data on gamma-ray emitters from the U.S. Public Health Service. 
¢ Data from U.S. Public Health Service. 
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Concentration allowed by AEC for any one sample | 


(averaged over one year) 


pCi/liter 


Minimum detection limit 


Average upstream concentration 
for 1967 is<3 pCi/liter 





7 
O N DI J 


1966 








1967 


Figure 4. Strontium-90 concentrations in Cattaraugus 
Creek at Springville dam site 42 


Significance of radioactivity in deer and fish 


The levels of radioactivity in deer and fish were 
of sufficient magnitude to require careful evalua- 
tion of public health significance. In ascertaining 
this significance, the recommendations of the 
Federal Radiation Council (FRC) were used. The 
FRC has set forth Radiation Protection Guides 
(RPG) (8) for normal peacetime uses of atomic 
energy. For both whole body and bone marrow, 
the RPG for individuals is 0.5 rem/year, and the 
RPG for the average of a suitable sample of the 
exposed population group is 0.17 rem/year. 

Calculations of the amount of deer meat or fish 
that could be consumed within the RPG limits 
were based on the following assumptions, which 
are considered to be conservative in terms of 
public health. 


1. The highest levels of radioactivity found in 
fish and deer meat were used. 

2. The RPG for an individual was used because 
it is unlikely that a large number of people would 
eat deer meat or fish, each having the highest 
level of radioactivity. 

3. FRC Report No. 7 (9) was used as a reference 
to calculate exposure from ingestion of cesium-137. 
In this report, the dose to the whole body for an 


Table ‘8. Plutonium and u uranium in water and silt samples 


| 
} 


Site number and location 


Concentration in water* 
(pCi /liter) 





238Py 


Py mL 





42 Cattaraugus Creek at 
Springville Dam, 


downstream 0 023 


- 


7 Cattaraugus Creek at 
Bigelow Bridge, 
wupetream......... 





52 Waste lagoon #3___-_- 














Concentration in silt 
(pCi/g) 





Waste lagoon 43- b] /29 /67 


>9/ 8/67 


39 .3 (total plutonium) 
3.1 47 


ND (total uranium) 
8.8 NA 





Cattaraugus Creek, 


Springville Dam _ _ _-__| 66 /13 /67 ND 


63 NA 69 


® Less than values are minimum detectables levels for State samples. Minimum detectables levels are determined 


by the amount of solids in the sample 
> Data by U.S. Public Health Service. 
NA, no analysis 
ND, nondetectable. 
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Table 9. _Radionuclides i in soft tissues of deer 





a Place taken Date Sample organs Cesium-137 | Cesium-134 | Tritium 
number (pCi/kg) | (pCi/kg) (pCi/kg) 
66-1 Otto _- 9/6 Stomach 5 | 
Lungs-- § 
66-2 Ashford ‘ Stomach 
iver 
Lungs--- 
66-3 E. Otto - , Stomach 


Lungs-_-- 
66-4 Mansfield _ _ _ _--- Stomach 


Liver 














Within NFS ae 1/23/67 | Lungs-_-- 
perimeter __ . 
1/23/67 | Heart- 


1/23/67 | Liver 


23/67 | Stomach 





Within NFS exclu- 
sion fence __ _ 12/13/67 | G.I. tract 





12/13/67 











Limestone 
(background) 29/68 








Table 10. Radioactivi ity in n sample of whole fish 


| Concentration 
(pCi/kg raw weight) 


| 

| 
Location Collection |__ 
Number date 





éRu } ‘s Co ImCs 





Buttermilk Creek, up- 
stream (Fox Valley 
Road) _--_- 


Buttermilk Creek, down- 
stream (Thomas Corners | | | 
Road) b/18 eae 5,7 k 27, 5,18 15,300 
“ 63 , 200 
81 


Cattaraugus Creek, up- | | 
stream (Bigelow Bridge) _- 6/13 /6 ¢ ( | 2,690 | 


6/22/65 


Cattaraugus Creek, down- 
stream (Felton Bridge)._.| 6/13/67 o¢ 796 } 2: 3,6 | 3,030 | 
66 /13 /67 | | 
10/27 /66 
10/27 /65 
6/22/65 
10/ 7/64 

| 6/30/64 








Cc attaraugus C reek, down- | | 
stream (Frye Bridge) 96 /13 /67 289 348 32 5 | 3,170 











® Data for this collection date by U.S. Public Health Service. 
> Samples received in decomposed state and were ashed without obtaining raw weight. A ratio of 1.5 percent ash 
weight was used to convert from ashed weight to raw weight on basis of similar fish samples. 
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adult weighing 70 kg, from the ingestion of 1 
microcurie of cesium-137, was estimated as 0.06 
rad. The dose from ingestion of cesium-134 was 
determined by multiplying the dose per microcurie 
of cesium-137 by a factor of 1.87, the ratio of 
energy release per disintegration of cesium-134 
compared to cesium-137. 

4. FRC Report No. 2 (8) indicates that the 
ingestion of 200 pCi of strontium-90 per day per 
gram of dietary calcium generally corresponds to 
one-third of the appropriate RPG averaged for 
an exposed population group; therefore, since the 
daily calcium intake is about 1 g per day, the 
exposure to bone marrow is based on the assump- 
tion that ingestion of 600 picocuries of strontium- 
90 per day results in a dose of 0.17 rad/year. 

5. Exposure from the ingestion of tritium was 
calculated from recommedations of the National 
Council on Radiation Protection and Measure- 
ment (NCRP) and was used to illustrate the 
principle of considering total exposure from all 
radionuclides present. Although the exposure froin 
tritium was extremely small, all possible sources 
must be considered in the accumulated exposure. 

6. The critical organ for strontium-90 ingestion 
is bone marrow; for cesium-137, cesium-134, and 
tritium, it is the whole body. In determining 
allowable consumption of fish based on bone 
marrow, the concentrations from the two cesium 
isotopes were conservatively added, based on 
whole body exposure. 

7. No analysis was made for strontium-90 in 
deer meat, but it could contribute additional 
exposure to the bone marrow of a person eating 
both deer meat and fish. 

8. The fish data represent measurements for 
unsealed and ungutted samples. A conservative 
assumption was made that the concentration of 
strontium-90 in the edible parts of the fish was 
the same as for the entire fish. In the future, 
separate analysis of the edible portion of the fish 
will be made to provide information on how 
conservative this assumption was. 

The calculations for allowable consumption 
of deer meat and fish are in table 11. 

If fish were the only source of exposure, the 
amount of fish that could be consumed without 
exceeding the RPG was calculated as 78 pounds 
per year. The amount of deer meat that could be 
consumed, if this were the only source of exposure, 
was calculated as 220 pounds per year. Deer 
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Table 11. The calculations for allowable consumption 
of deer meat and fish 





Deer meat* 





Nuclide Concentration Exposure Dose 
(wCi/kg) (rads /pCi) (rad /kg) 


Cesium-137 


Cesium-134 
0 











Strontium-90- é 0.0120 
Cesium-137 - é .0016 
Cesium-134 _ _ ° .0006 


Total__- 0.0142 








* Allowable consumption of deer meat 0.5 
for an adult (based on whole body = 
exposure). 


rad/yr 
.005 rad /kg 


= 100 kg/yr = 220 pounds/yr. 


» Allowable consumption of fish foran 9 5 
adult (based on bone marrow = 
exposure). 


0 rad/yr 
~~ 014 rad/ke 


= 35.7 kg/yr = 78 pounds/yr. 


within the exclusion area are not readily accessible 
to hunters and the possiblity of many deer being 
scared out of the exclusion area and the site 
seems remote. The fish appear to reconcentrate 
the radioactivity, have ready access to the streams, 
and represent the more critical pathway for human 
exposure. 

If additional consideration is given to the 
possibility that the plant may eventually discharge 
up to the limits allowed, and if exposures to an 
individual from other sources such as krypton-85 
are added to the total accumultated exposure, 
there is a possibility that the RPG may be ex- 
ceeded. In order to assure that the RPG will 
not be exceeded and to reduce the risk to health, 
certain actions have been taken. 


Discussion 


The New York State Health Department has 
taken actions which are in conformance with 
recommendations of the Federal Radiation Coun- 
cil. In December of 1966, the unexpected con- 
centrations of strontium-90 in Cattaraugus Creek 
were brought to the attention of NFS and the 
AEC. The data indicate that the company has 
made an effort to reduce the amount of strontium- 
90 in the streams. The Health Department also 
started to place more emphasis on stream 
surveillance. 
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As the data on fish and deer became available, 
the possibility of these being the most critical 
pathways was established. Further sampling 
studies were planned in accordance with the 
FRC recommendation that additional sampling 
be conducted when it appears that the RPG 
may be exceeded. The company was asked to 
repair holes in the fence of the exclusion area to 
exclude deer from the waste storage lagoons. 

The Department used the RPG as a measure 
of the public health significance and calculations 
indicated that an immediate public health hazard 
did not exist. However, the FRC philosophy 
that ‘‘every effort should be made to encourage the 
maintenance of radiation doses as far below this 
guide as practicable’ (8) was considered and 
applied. The Health Department’s concern over 
the levels of radioactivity in the liquid waste dis- 
charge has been discussed with representatives 
of the AEC which has required NFS to make 
significant reductions in the levels of radioactivity 
discharged to the watershed. The Health Depert- 
ment has increased the surveillance program 
around the NFS plant and will continue to 
evaluate the release of radioactivity to the 
environment. 
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A 5-Year Summary of the Regulatory Control 
of Radioactive Material in Arkansas 


E. F. Wilson and D. D. Snellings, Jr.' 


On July 1, 1963, the State of Arkansas entered into an agreement with the U.S. 
Atomic Energy Commission (AEC) establishing the Arkansas Radiological 
Health program. The agreement transferred regulatory control of all radioactive 
material, including fissionable material of less than critical mass quantity, 
from the Atomic Energy Commission to the State of Arkansas. The Arkansas 
State Department of Health, Division of Radiological Health, was designated 
as the responsible agency by Act 8 of the Second Extraordinary Session of the 
Arkansas Legislature in 1961. In addition to assuming the control of previously 
regulated material, the Division of Radiological Health now controls all 
sources of ionizing radiation (i.e., radiation machines and radium). It should be 
noted that prior to 1963 the use of radium had never been regulated and several 
instances of improper management and usage were reported on initial com- 
pliance inspections. 

In assuming the regulatory control of radioactive material, the Arkansas 
State Department of Health, Division of Radiological Health, instituted a 
program of licensing and inspection of all users of regulated material with the 
ultimate goal of preventing, if possible, or reducing to an acceptable level, the 
exposure to ionizing radiation. 

This report is a summary of regulatory activities of the Division of Radio- 
logical Health from 1964 through and including 1968. The early (1964) regula- 
tory inspections did not include sufficient data pertaining to the occupational 
exposure of individuals to radiation; however, the noted deficiencies of records 
and radiation safety are well documented. In early 1967, the Division of Radio- 
logical Health prepared all previous data for electronic data processing, and 
currently all regulatory inspections, as well as licensing activities, are prepared 
for electronic data processing? on a routine basis. 


Upon receipt of an application for a radioactive 
material license, a systematic evaluation of the 
applicant’s qualifications, equipment, and facil- 
ities, is initiated to insure, if the license is granted, 
capability for compliance with the current stand- 
ards of radiation protection. The evaluation is 
designed to detect and eliminate any deficiency 
that might result in an unnecessary exposure to 
both the licensee and general public. Licensing 
guides which are compatible with those used by 
the U.S. Atomic Energy Commission (AEC) aid 
in the evaluation of a license application. An onsite 
prelicensing visit is made if deemed necessary 
by the complexity of an application. 


1 Mr. Wilson is director and Mr. Snellings, assistant di- 
rector of the Division of Radiological Health, Arkansas 
State Department of Health, Little Rock, Ark. 

2 The data reduction and resulting statistical summary of 
this report were processed on an IBM System 360/20 
computer. 
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The Division of Radiological Health initiated 
licensing activities in July 1963 through the 
issuance of Arkansas licenses for radioactive 
material not previously regulated. Until 1965, 
AEC licenses were continued as valid Arkansas 
licenses until their individual expiration dates, at 
which time they were reissued as Arkansas 
licenses. Table 1 shows the total number of active 
licenses by year and type of installation. 

Examination of the data reveals a marked 
increase in the number of medical institution 
licenses, which may be attributed to the licensing 
of radium and the expiration of AEC licenses. In 
1964, a survey was initiated to locate all radium 
users within the State and subsequently 22 
licenses were issued. Presently, there are 32 
licenses issued for radium use. The increase in the 
number of State and Federal laboratory licenses 
in 1965 is due to the licensing of civil defense per- 
sonnel who routinely use radioactive material 
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Table 1. Compilation of licenses by year, 1963-1968 





Medical Industrial firms 


a | 
College and 
University 


Federal and 


Civil Defense 
State lab 


user permit* 





Number Percent 


Number | Percent | Number | Percent 


Number 


Percent Number Percent Number Percent 





27 | 28 .12 | 5 .20 27 
07 é 8 .92 20 
9.19 

7 62 

6.31 


7 .B4 








1968 





29 .96 | 





* Initiated November 1968. 


for instructional purposes in radiological mon- 
itoring instructors courses conducted throughout 
the State. As reflected in table 1, a program was 
initiated in November 1968 to issue “user-permits”’ 
to qualified civil defense personnal under a specific 
license currently held by the State Radiological 
Defense officer. These civil defense user permits 
are included in table 1 because they are reported 
to AEC as individual licenses. 

Upon receipt of a license to use radioactive 
material, the licensee is required to comply with 
the “Rules and Regulations for the Control of 
Sources of Ionizing Radiation’ and any special 
conditions set forth in the license. Compliance 
inspections are conducted at each licensee facility 
according to a priority system that is not based 
on user categories, but on the following parameters. 


1. Type, composition and quantity of radio- 
active materal; 

2. Location and use of radioactive material; 

3. Particular health hazards involved with the 
radioactive material; 

4. Established leak test intervals for radio- 
active sources. 


The inspection priority system ranges from one 
inspection semiannually to one inspection within 
a 3-year period, depending on the particular 
license; each licensee is inspected at least once 
every 3 years. 

Compliance inspections are performed by health 
physicists, who have received intensive training 
in the regulation and control of radioactive 
material, and each inspection is completely 
documented for further reference and action. 
If an item of noncompliance is found, the licensee 
acknowledges the deficiency and corrective action 
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6 .25 


31 


32 .29 
71 




















is required within 30 days. Followup inspections 
are conducted to review the corrective action of 
all major items of noncompliance. 

During the 5-year period (1964-1968), 247 
compliance inspections were conducted, as shown 
in table 2 by broad categories of licenses. 


Table 2. Inspection and enforcement data, 1964-1968 
a —— | 


| In- 

| Medical | Edu- dustrial 
cational Radi- 
| 





In- Other | Total 
dustrial 


ography 





Total number 
inspections 
Form report—no 
answer re- 
quired; defi- 
ciencies noted _- 
Formal written 
notification of 
noncompliance 
—answer re- 
quired sa 
Number licenses 
in compliance 
at time of in- 
spection 
Percent licenses 
in compliance -- 


























Table 3 shows the total number of active licenses 
and the number of inspections conducted during 
a particular year. The discrepancy between the 
total number of licenses issued and the total 
number of inspections conducted is attributed to 
the presence of civil defense licensees, who are 


Table 3. Number of licenses and inspections by year 


Radiological Health Data and Reports 





Total number | Total number 
of of 
licenses inspections 


Year 





1964. . 
1965 
1966 _ . 
1967 _ . 
1968 











not routinely inspected, as well as a large number 
of out-of-state licensees who enter the State on a 
very limited basis. Medical licensees, both private 
practice and medical institutions, comprise ap- 
proximately 59.9 percent of the total number of 
inspections. This large percentage results from the 
fact that all medical licenses, with the exception of 
three, are inspected annually, while the majority 
of the other catagories are inspected less often 
because they are of a less critical priority, or are 
out-of-state licenses, or are not actively engaged 
in operations involving radioactive material. The 
enforcement data also show that only about 2.84 
percent of the compliance inspections required 
formal written notification of any major item of 
noncompliance noted during the inspection. The 
other 97.16 percent required only a form report 
which was completed at the time of the inspection. 
At the time of the inspection only 37.4 percent of 
the medical category were found to be in compli- 
ance with the regulations as opposed to 67.4 
percent of the educational category that were 
in compliance. These results were to be somewhat 
expected because the medical licenses included a 
greater inventory of radioactive material and 
greater use factor. Although all industrial firms 
licensed to use radioactive material in the State 
are included in the overall statistics, many are 
actually out-of-state firms that enter only on a 
limited basis and this results in a limited number of 
inspections conducted on industrial radiography 
installations. 

A compilation of the number of noncompliance 
items by license category is shown in table 4. All 
license categories average less than one violation 
per license over a 5-year period. The total number 
of violations incurred during the inclusive period 
was found to be 143. 


Table 4. Number of noncompliance items by license 
category, 1964-1968 





Number Number of licenses with: 
of in- 
License spections 1-3 4-6 | 7-9 >9 
category vio- vio- 

lations | lations 





lations 
vio- vio- per 
lations | lations | license 





Medical __ 2 0 
Educational < 5 ) 0 
Industrial __ - ) 0 
Industrial 








0 
0 








Total... 3 | 2 | 0 
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The deficiencies noted on compliance inspec- 
tions are categorically divided according to the 
Atomic Energy Commission’s ‘““Agreement States 
Inspection and Enforcement Data’’ listing. Ad- 
ditional information about the deficiency is ac- 
cumulated by subdividing the deficiency into a 
more detailed listing. For the purpose of this 
report only the AEC listing will be used. 

As noted previously, a total of 143 deficiencies 
were found during the 5-year period. Frequency 
distribution tables have been prepared by type of 
deficiency and general license category. The 
deficiencies have been further divided into the 
following classificat ons: 


. Administrative 

. Radiation safety 

. Personnel monitoring 
. Posting 

. Other 


The total number of administrative-type de- 
ficiencies, shown in table 5, was found to be 37. 
Within this group it was found that medical 
licensees were deficient in all but one category and 
accounted for approximately 68 percent of the 
total number of deficiencies. The most widely 
found deficiences were the (1) improper record 
keeping of disposals and leak testing; and (2) 
possession of radioactive material not authorized 
by the license. Overall, the most frequently 
occurring deficiency of all license categories was 
the improper recording of leak test results, with 
the medical licensees incurring six of the defi- 
ciencies. Since this report has cited the medical 
licensees as accounting for the largest number of 
deficiencies, it should be noted that most hospitals 
and radiology groups possess a greater number of 
radioactive sources requiring periodic leak testing 
than do other licensees. 

The deficiencies noted in the radiation safety 
category, as shown in table 6, accounted for 59 
percent of the total number of deficiencies. During 
the 5-year period, 60 deficiencies involving the 
leak testing of sealed sources were discovered with 
the medical licensees accounting for approximately 
87 percent of the deficiencies. The most probable 
reason or cause of the deficiency is the failure to 
perform the test; only in a few isolated cases were 
the tests performed in an unacceptable manner. 
The majority of the leak testing deficiencies oc- 
curred in medical installations that are licensed 
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‘Table 5. Administrative items of noncompliance by license category 


Medical 


Type deficiency 


Improper records of 
leak testing 

Records of surveys and 
disposal 

Records of receipt and 
transfer 

Possession of material 
without license 

Regulations or operating 
procedures not avail- 
able 

Possession of unauthor- 
ized form or amount 
of material 

Failure to report over- 
exposures 

Unauthorized use of 
material 





Total___- 


License category | 


> 


—_ 
Educational! Industrial 


| 
| 





Industrial Other | T 
radiography} 


0 





Table 6. Number of radiation safety items of noncompliance by 
license category 


Type deficiency 


Failure to leak test or 
improper leak test 

Radiation survey not } 
performed | 

Improper waste disposal | 
procedures } 

Security of material in 
storage 

Level of radiation in 
uncontrolled areas 

Inventory not main- 
tained or improper 
utilization logs 

Total . 


to use radium-226. Because of the high frequency 
of leaking radium sources, the current leak test 
interval is on a 6-month basis, while the leak test 
interval on other types of sealed sources varies 
from 6 months to 3 years depending on the partic- 
ular sealed source. Several times during the in- 
clusive period, leaking radium sources were 
discovered during leak tests, the correction of 
which reduced contamination incidence. During 
the period, 1964-1968, several contamination 
incidents occurred which could possibly have 
been prevented if the leak tests had been per- 
formed as scheduled. Other incidents of failure to 
perform the leak test have occurred at educational 
institutions and industries; however, the frequency 
of these violations have been extremely low. 

One serious incident occurred and was investi- 
gated by the Division of Radiological Health 
during the reported period. The incident involved 
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License category 


| Medical | Educational| Industrial Industrial 


Other Total 


radiography 


the accidental dropping of a 194 curie cobalt-60 
source during a source exchange operation. 
Prompt emergency actions by the individuals 
involved in the exchange resulted in the rapid 
evacuation of four floors of the multifloor office 
building and consequently no overexposures 
were recorded. 

Table 7 shows those deficiencies dealing with 
personnel monitoring, posting, and unclassified 
deficiencies. These account for approximately 
18.9 percent of the 143 total deficiencies shown 
on table 5. In general, the deficiencies noted are 
quite low considering the number of licensees 
and occupationally exposed personnel. The most 
frequently occurring deficiency during this period 
was the absence of caution signs and labels. The 
extent of the personnel monitoring of occupa- 
tionally exposed personnel is shown in the data in 
table 8, which was obtained on 65 compliance 
inspections conducted in 1968. Overall, 97.3 
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Table 7. Number of personnel monitoring, posting and unclassified 


Medical 


Type deficiency 


Improper personnel | 
monitoring system 

Improper personnel } 
monitoring records 

Absence of control 
device or signal | 

Absence of caution signs 
and labels_- 

Absence of notice to 
employees signs 

Other deficiencies not 
categorized 


Total 


percent of the 480 occupationally exposed per- 
sonnel of the 65 installations are monitored by 
either a film badge service or personnel dosimetry 
or both. 


Summary 


The State of Arkansas has regulated the use of 
radioactive material for a 5-year period from 1964 
through 1968. Data resulting from licensing and 
inspection activities for that period have been 
presented and examined. The accumulation and 
presentation of this data indicate that several 
items of noncompliance are recurring and will 
require greater emphasis on future compliance 
inspections. Particularly noted was the need for 
timely leak testing of sealed sources and the 
maintenance of adequate records of the test. Med- 
ical licensees, while constituting the large majority 
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Educational 


items of noncompliance by license category 


License category 


Industrial Industrial Other Total 


radiography 


Table 8. Personnel monitoring of 65 installations 
inspected in 1968 


Number 
Monitored 


Number 
occupationally 
exposec 


License category 


Medical 

Educational 

Industrial radiography 
Industrial 

Other 


Total 


of the total licensees, have additionally incurred 
the largest percentage of violations. 

It is anticipated that the compliance per- 
centage, both overall and categorical, will increase 
in the future as a result of the educational nature 
of the compliance inspection. 








SECTION I. MILK AND FOOD 


Milk Surveillance, April 1969 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is mc :t useful as an indicator 
of the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the 
biologically important radionuclides that may be 
released to the environment from nuclear activi- 
ties. In addition, milk is produced and consumed 
on a regular basis, is convenient to handle and 
analyze, and samples representative of general 
population consumption can be readily obtained. 
Therefore, milk sampling networks have been 
found to be an effective mechanism for obtaining 
information on current radionuclide concentra- 
tions and long-term trends. From such informa- 
tion, public health agencies can determine the 
need for further investigation and/or corrective 
public health action. 

The Pasteurized Milk Network (PMN), spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Compliance, Food and Drug Admin- 
istration, U.S. Public Health Service, consists of 
63 sampling stations; 61 located in the United 
States, one in Puerto Rico, and one in the Canal 
Zone. Many of the State health departments 
also conduct local milk surveillance programs 
which provide more comprehensive coverage 
within the individual State. Data from 15 of 
these State networks are reported routinely in 
Radiological Health Data and Reports. Additional 
networks for the routine surveillance of radioac- 
tivity in milk in the Western Hemisphere and their 
sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. Public 
Health Service)—5 sampling stations 

Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the net- 
works presently reporting in Radiological Health 
Data and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activities, 
the present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
occur in or are formed as a result of nuclear fission 
become incorporated in milk (1). Most of the 
possible radiocontaminants are eliminated by the 
selective metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides which 
commonly occur in milk are strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-140. 
A sixth radionuclide, potassium-40, occurs nat- 
urally in 0.0118 percent (2) abundance of the 
element potassium, resulting in a specific activity 
for potassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides (radiostron- 
tium and radiocesium, respectively). The contents 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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of both calcium and potassium in milk have been 
measured extensively and are relatively constant. 
Appropriate values and their variation, expressed 
in terms of 2-standard deviations, for these con- 
centrations are 1.16 + 0.08 g/liter and 1.51 + 
0.21 g/liter for calcium and potassium, respec- 
tively. These figures are averages of data from 
the PMN for the period, May 1963—March 1966 
(3) and were determined for use in general radio- 
logical health calculations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making its 
determinations and the agreement of the meas- 
urements among the laboratories. The Analytical 
Quality Control Service of the Bureau of Radio- 
logical Health conducts periodic studies to assess 
the accuracy of determinations of radionuclides 
in milk performed by interested public health 
radiochemical laboratories. The generalized pro- 
cedure for making such a study has been outlined 
previously (4). 

The most recent study was conducted in the 
spring of 1967, with 40 laboratories participating 
in an experiment on milk samples containing 
known concentrations of strontium-90, iodine-131, 
and cesium-137. Of the 19 laboratories producing 
data for the networks reporting in Radiological 
Health Data and Reports, 18 participated in the 
experiment. 

In the majority of cases, the results for the 
laboratories fell within the 3- standard devia- 
tion limits considered appropriate for the various 
analyses. Several results were outside the 3- 
standard deviation limits and the most deviant 
of these represented biases of 20 to 30 percent from 
the expected values (5). Keeping these possible 
differences in mind, integration of the data from 
the various networks can be undertaken without 
introducing a serious error due to disagreement 
among the independently obtained data. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
several parameters is useful for interpreting the 
data. Therefore, the various milk surveillance 
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networks that report regularly were surveyed for 
information on analytical methodologies, sampling 
and analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, io- 
dine-131, cesium-137, and barium-140) are deter- 
mined by gamma-ray spectroscopy of whole milk. 
Each laboratory has its own modifications and 
refinements of these basic methodologies. The 
methods used by each of the networks have been 
referenced in earlier reports appearing in Radio- 
logical Health Data and Reports. 

A recent article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample collec- 
tion procedures as determined during a 1965 
survey. This reference and earlier data articles 
for the particular network of interest may be con- 
sulted should events require a more definitive 
analysis of milk production and milk consumption 
coverage afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more fre- 
quently but composite the several samples for 
one analysis, while others carry out their analyses 
more often than once a month. The frequency of 
collection and analysis not only varies among the 
networks, but also at different stations within 
some of the networks. In addition, the frequency 
of collection and analysis is a function of current 
environmental levels. The number of samples 
analyzed at a particular sampling station under 
current conditions is reflected in the data pre- 
sentation. Current levels for strontium-90 and 
cesium-—137 are relatively stable over time periods 
involved and sampling frequency is not critical. 
For the case of the short-lived radionuclides, par- 
ticularly iodine-131, the frequency of analysis is 
critical, and is generally increased at the first 
measurement or recognition of a new influx of the 
radionuclide. 

The data presentation also reflects whether 
raw or pasteurized milk was collected. A recent 
analysis (7) of raw and pasteurized milk samples 
collected during the period, January 1964 to June 
1966, indicated that for relatively similar milkshed 
or sampling areas, the differences in concentration 
of radionuclides in raw and pasteurized milk are 
not statistically significant. Particular attention 
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was paid to strontium-90 and cesium-137 in that 
analysis 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard deviation counting errors or 2-stand- 
ard deviation total analytical errors from replicate 
analyses experiments (3). The practical reporting 
level reflects additional analytical factors other 
than statistical radioactivity counting variations 
and will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal to 
or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical reporting 
levels greater than those above. In these cases 
the larger value is used so that only data con- 
sidered by the network as meaningful will be 
presented. The practical reporting levels apply 
to the handling of individual sample determina- 
tions. The treatment of measurements equal to or 
below these practical reporting levels for calcula- 
tion purposes, particularly in calculating monthly 
averages, is discussed in the data presentation. 

Analytical errors of precision expressed as 
pCi/liter or percent in a given concentration 
range have also been reported by the networks (3). 
The precision errors reported for each of the 
radionuclides fall in the following ranges: 


Analytical errors of precision 
(2-standard deviations) 
1-5 pCi/liter for levels <50 
pCi/liter; 
5-10% for levels >50 pCi/liter 
1-2 pCi/liter for levels <20 
pCi/liter; 
4-10% for levels >20 pCi/liter 
4-10 pCi/liter for levels <100 
pCi/liter; 
4-10% for levels > 100 pCi/liter 


Radionuclide 
Strontium-89 





Strontium-90 


Cesium-137 


Iodine-131 
Ceium-t87¢ 
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For iodine-131, cesium-137, and barium-140 there 
is one exception for these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level 
for the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data 
and Reports in perspective, a summary of the 
guidance provided by the Federal Radiation Council 
for specific environmental conditions is presented 
below. The function of the Council is to provide 
guidance to Federal agencies in the formulation of 
radiation standards. 


Radiation Protection Guides (8, 9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not be 
exceeded without careful consideration of the rea- 
sons for doing so; every effort should be made to 
encourage the maintenance of radiation doses as 
far below this guide as practicable. An RPG 
provides radiation protection guidance for the 
control and regulation of normal peacetime uses 
of nuclear technology in which control is exercised 
primarily at the source through the design and 
use of nuclear material. It represents a balance 
between the possible risk to the general public 
that might result from exposures from routine 
uses of ionizing radiation and the benefits from 
the activities causing the exposure. 

Table 1 presents a summary of guidelines and 
related information on environmental radiation 
levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more de- 
tailed discussion of these values was presented 
earlier (3). 

In the absence of specific dietary data one can 
use milk as the indicator food item for routine 
surveillance. Assuming a 1 liter per day intake 
of milk, one can utilize the graded approach of 
daily intake on the basis of radionuclide content 
in milk samples collected to represent general 
population consumption. Under these assump- 
tions, the radionuclide concentrations in pCi/liter 
of milk can replace the daily radionuclide intake 
in pCi/day in the three graded ranges. 
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Table 1. 


Radiation Protection Guides—FRC recommendations and related information pertaining to 


environmental levels during normal peacetime operation 





RPG for in- 
dividual in the 
Nuclide 


Guidance for suitable samples of exposed population group* 





Critical organ general 
population 


(rad /yr) 


RPG Corresponding con- 
(rad/yr) 


Range II 


Range III 
(pCi/day)> 


C Range I 
tinuous daily intake (pCi/day)> (pCi/day)> 


(pCi/day) 





renin on cron 











42,000 0-200 
4 200 0-20 


100 0-10 
3,600 0-360 


200-2 ,000 
20-200 


10-100 
360-3 ,600 


2 ,000-20 ,000 
200-2 ,000 


100-1 ,000 
3 ,600-36 ,000 

















*Suitable samples which represent the limiting conditions for this guidance are: strontium-89 


children 1 year of age; cesium-137—infants. 
on an average intake of 1 liter of milk per day. 


, strontium-90—general population; iodine-131— 


cg a dose of 1.5 rad/yr to the bone is estimated to result in a dose of 0.5 rad/yr to the bone marrow. 

4 For strontium-89 and strontium-90, the Council's study indicated that there is currently no operational requirement for an intake value as high as one 
corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG. 

¢ The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 


Protective Action Guides (10, 11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population that 
warrants protective action following a contami- 
nating event. A PAG provides general guidance 
for the protection of the population against ex- 
posure by ingestion of contaminated foods re- 
sulting from the accidental release or the unfore- 
seen dispersal of radioactive materials in the 
environment. A PAG is also based on the assump- 
tion that such an occurrence is an unlikely event, 
and circumstances that might involve the prob- 
ability of repetitive occurrences during a one or 
two year period in a particular area would require 
special consideration. Protective actions are ap- 
propriate when the health benefits associated with 
the reduction in exposure to be achieved are suffi- 


cient to offset the undesirable features of the 
protective actions. 

Table 2 presents a summary of guidelines as 
set forth by the FRC for the conditions under 
which PAG’s are applicable. A more detailed dis- 
cussion of these values was presented earlier (3). 
Also given in table 2 are milk concentrations for 
each of the radionuclides considered, in the 
absence of others, which, if attained after an 
acute incident, would result in doses equivalent 
to the appropriate PAG. These concentrations are 
based on a projection of the maximum concentra- 
tion from an idealized model for any acute deposi- 
tion and the pasture-cow-milk-man pathway, as 
well as an estimate of the intake prior to reaching 
the maximum concentration. Therefore, these 
maximum concentrations are intended for use in 
estimating future intake on the basis of a few 
early samples rather than in a retrospective 
manner. 


Table 2. Protective Action Guides—FRC recommendations and related information 
pertaining to environmental levels during an acute contaminating event 





Critical 


PAG for individ- 
uals in general 
population 
Radionuclide organ (rads) 


Category (pasture-cow-milk) 





Guidance for suitable sample, children 
1 year of age 





Maximum concentration in 
PAG milk for single nuclide 
(rads) that would result in PAG 
(pCi /liter) 





Strontium-89 Bone marrow. - 


Bone marrow- . 








10 in first yr; 
total dose not to 
Cesium-137 Whole body.-.-| exceed 15*-> 





3 in first yr; total 


*1,110,000 
dose not to exceed °51 ,000 
5ab 


°720 ,000 





lodine-131 Thyroid 


10 #70 ,000 








* The sum of the projected doses of these three radionuclides to the bone marrow should be compared to the nu- 


merical value of the respective guide. 


‘otal dose from strontium-89 and cesium-137 is the same as dose in first year; total dose from strontium-90 is 
5 times strontium-90 dose in first year for children approximately 1 year of age. 
hese values represent concentrations that would result in doses to the bone marrow or whole body equal to 


the PAG, if only the single radionuclide were present. 


4 This concentration would result in the PAG dose based on intake before and after the date of maximum con- 
centration observed in milk from an acute contaminating event. A maximum of 84,000 pCi/liter would result ina 
?AG dose if that oy of intake prior to the maximum concentration in milk is not considered. Children, 1 year 


of age, are assumec 
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be the critical segement of the population. 
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Figure 2. State and PMN milk sampling locations in the United States 


Data reporting format 


Table 3 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiological 
Health Data and Reports. (The relationship be- 
tween the PMN stations and State stations is 
shown in figure 2.) The first column under each 
of the radionuclides reported gives the monthly 
average for the station and the number of samples 
analyzed in that month in parentheses. When an 
individual sampling result is equal to or below the 
practical reporting level for the radionuclide, a 
value of zero is used for averaging. Monthly 
averages are calculated using the above conven- 
tion. Averages which are equal to or less than the 
practical reporting levels reflect the presence of 
radioactivity in some of the individual samples 
greater than the practical reporting level. 

The second column under each of the radionu- 
clides reported gives the 12-month average for the 
station as calculated from the preceding 12- 
monthly averages, giving each monthly average 
equal weight. Since the. daily intake of radio- 


352 


activity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12—month average serves as a 
basis for comparison. 


Discussion of current data 


In table 3 surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
April 1969 and the 12-month period, May 1968 
to April 1969. Except where noted the monthly 
average represents a single sample for the sampling 
station. Strontium-89 and barium-140 data have 
been omitted from table 3 since levels at the great 
majority of the stations for April 1969 were below 
the respective practical reporting levels. Table 4 
gives monthly averages for those stations at which 
strontium-89 and barium-140 were detected. 

Iodine-131 results are included in the table, 
even though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council 
(table 1), levels in milk for this radionuclide are of 
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Table 3. Concentration of radionuclides in milk for April 1969 and 12-month period, May 1968 through 
April 1969 





Radionuclide concentration 
(pCi/liter) 





Sampling location 

Strontium-90 Iodine-131 Cesium-137 

| 

Monthly 12-month Monthly 12-month Monthly 12-month 
average> average average> average average” average 
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See footnotes at end of table. 
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Table 3. Concentration of radionuclides in milk for April 1969 and 12-month period, May 1968 through 
April 1969—Continued 





Radionuclide concentration 
(pCi/liter) 





Sampling location 


Strontium-90 Iodine-131 Cesium-137 








Monthly 
average” 


12-month 
average 


Monthly 
average” 


12-month 
average 


Monthly 
average» 


12-month 
average 
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See footnotes at end of table. 
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Table 3. Concentration of radionuclides in milk for April 1969 and 12-month period, May 1968 through 
April 1969—Continued 





Radionuclide concentration 


(pCi/liter) 





Sampling location 
Strontium-90 Iodine-131 Cesium-137 





Monthly 12-month Monthly 12-month Monthly 12-month 
average> average average> average average> average 





CANADA (Continued) 
Newloundiand: 


Nova Scotia: 
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Quebec: 
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Saskatchewan: 
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Canal Zone: Cristobale 
Puerto Rico: San Juan* 


Z 
ROP WOOP 
UNKAOoor 


wu u'v'U'v 











PMN network average! 




















* P, pasteurized milk. 
R, raw milk. 

b When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0’’ was used for averaging. Monthly averages less 
than the practical ports Ss reflect the fact that some but not all of the individual samples making up the average contained levels greater than the 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parentheses. 

¢ PHS Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 

4 Radionuclide analysis not routinely performed. 


¢ The practical reporting levels for — networks differ from the general ones giving in the text. Sampling results for the networks were equal to or less 
than the following practic owe 
Todine-131 olorado-25 pCi/liter Cesium-137: coienepe Oe pCi/liter 
Michigan-1 — New York-20 pCi/liter 
Oregon-15 pCi/liter Oregon-15 pCi/li 
Washington—15 pCi liter 

! This entry gives the average radionuclide concentrations for the PHS Pasteurized Milk Network stations denoted by footnote « 
NA, no analysis. 
NS, no camel collected. 


particular public health interest. In general, the Strontium-90 monthly averages ranged from 0 
practical reporting level for iodine-131 is nu- to 27 pCi/liter in the United States for the month 
merically equal to the upper value of Range I of April 1969 and the highest 12-month average 
(10 pCi/liter) of the FRC radiation protection was 21 pCi/liter (Little Rock, Ark.,) representing 
guide. 10.5 percent of the Federal Radiation Council 
radiation protection guide (table 1). Cesium-137 
monthly averages ranged from 0 to 58 pCi/liter 
Table 4. Monthly average of strontium-89 and barium- in the United States for the month of April 1969 
40 in milk, April 1969 and the highest 12-month average was 109 pCi/ 
liter (Southeast Florida), representing 3.0 percent 
Radionuclide concentration . ° ° 
Sampling location (pCi liter) of the value presented in this report using the 
recommendations given in the Federal Radiation 
Council reports. Of particular interest are the 
Calif: Del Norte___- iedleancia 19 consistently higher cesium-137 levels that have 
—_ Clara (Btate) - ° ° ° ° 
ta (State RpiaRee 24 been observed in Florida (12) and Jamaica. Iodine- 
Idaho: STdahe Falls CPM). : : ‘ — 
Mo: Kansas City (PMN)_.---- <== =. : 131 results for individual samples were all below 
Nev: Las V =e rains the practical reporting level except Nashville, 
Tenn: Clinton nS agai ies 
Tenn. (State) 6 pCi/liter, 2 samples. 








Strontium-89 Barium-140 
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FOOD AND DIET SURVEILLANCE 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. 
These estimates along with the guidance de- 
veloped by the Federal Radiation Council, provide 
a basis for evaluating the significance of radio- 
activity in foods and diet. 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows: 


Program Period reported Last presented 





California Diet Study November—December 1967 and 
January—September 1968 May 1969 
Connecticut Diet Study January—June 1968 November 1968 
Institutional Diet Study, PHS July-September 1968 April 1969 
Tri-City Diet, HASL January-June 1968 April 1969 
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SECTION II. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration, and other Fed- 
eral, State, and local agencies operate extensive 
water quality sampling and analysis programs for 
surface, ground, and treated water. Most of these 
programs include determinations of gross beta 
and gross alpha radioactivity and specific radio- 
nuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary im- 
portance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for approval 
of a drinking water supply containing radium-226 
and strontium-90 as 3 pCi/liter and 10 pCi/liter, 


Water sampling program 





‘long-range trends. 


Period reported 


respectively. Limits may be set higher if the total 
intake of radioactivity from all sources remains 
within the guides recommended by FRC for 
control action. In the known absence! of stron- 
tium-90 and alpha-particle emitters, the limit is 
1,000 pCi/liter gross beta radioactivity, except 
when additional analysis indicates that concen- 
trations of radionuclides are not likely to cause 
exposures greater than the limits indicated by 
the Radiation Protection Guides. Surveillance 
data from a number of Federal and State programs 
are published periodically to show current and 
Water sampling activities 
recently reported in Radiological Health Data 
and Reports are listed below. 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for un- 
identified alpha-particle emitters and strontium-90, re- 
spectively. 


Last presented 





California 

Colorado River Basin 

Drinking Water Analysis Program 
Florida 

Kansas 

Minnesota 

New York 

North Carolina 

Radiostrontium in Tap Water, HASL 
Washington 


1967 


1967 
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standards, Revised 1962, PHS Publication No. 956. 
Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402 (March 1963). 
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Gross Radioactivity in Surface Waters of the United States 


January 1969 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
Department of the Interior 


Themonitoring of levels of radioactivity in surface 
waters of the United States was begun in 1957 as 
part of the Water Pollution Surveillance System 
currently operated by the Federal Water Pollution 
Control Administration. Table 1 presents the 
current preliminary results of the alpha and beta 
radioanalyses. The radioactivity associated with 
dissolved solids provides a rough indication of the 
levels which would occur in treated water, since 
nearly all suspended matter is removed by treat- 


ment processes. Strontium-90 results are reported 
semiannually. The stations on each river are 
arranged in the table according to their distance 
from the headwaters. Figure 1 indicates the 
average total beta radioactivity in suspended- 
plus-dissolved solids in raw water collected at 
each station. A description of the sampling and 
analytical procedures was published in the Novem- 
ber 1968 issue of Radiological Health Data and 
Reports. 
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Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) in surface waters, 
January 1969 
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Complete data and exact sampling locations for 
1958 through 1963 are published in annual com- 
pilations (1-6). Data for subsequent years are 
available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data for comment. They reflect 
no public health significance as the Public Health 
Service drinking water standards have already 
provided the basis for this assessment. Changes 
from or toward these arbitrary levels are also 
noted in terms of changes in radioactivity per 
unit weight of solids. A discussion of gross radio- 
activity per gram of solids for all stations in the 
Water Pollution Surveillance System for 1961 
through 1965 has been presented (7). Comments 
are made only on monthly average values. Occa- 
sional high values from single weekly samples may 
be absorbed into a relatively low average. When 
these values are significantly high, comment will be 
made. 

During January 1969, the following stations 
showed alpha radioactivity values in excess of 15 
pCi/liter for either suspended or dissolved solids: 


Table 1. 


North Platte River; Henry, Nebr. 
South Platte River; Julesburg, Colo. 


Also, during January 1969, no station showed 
beta radioactivity values in excess of 150 pCi/ 
liter. 


REFERENCES 


(1) PUBLIC HEALTH SERVICE, DIVISION OF WA- 
TER SUPPLY AND POLLUTION CONTROL. Na- 
tional water quality network annual compilation of data, 
PHS Publication No. 663, 1958 Edition. Superintendent 
of Documents, U.S. Government Printing Office, Washing- 
ton, D.C. 20402. 

(2) Ibid., 1959 Edition. 

(3) Ibid., 1960 Edition. 

(4) Ibid., 1961 Edition. 

(5) Ibid., 1962 Edition. 

(6) PUBLIC HEALTH SERVICE, DIVISION OF WA- 
TER SUPPLY AND POLLUTION CONTROL. Water 
pollution surveillance system, annual compilation of data, 
PHS Publication No. 663 (Revised), 1963 Edition. Super- 
intendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402 

(7) JULIAN, E. C. Gross radioactivity of the solids in selected 
surface waters of the United States, 1961-1965. Radiol 
Health Data Rep 9:1-15 (January 1968). 


Radioactivity in raw surface waters, January 1969 





Average alpha 
radioactivity 
(pCi /liter) 


Average beta 
radioactivity 
(pCi /liter) 
Station ~— 
Total | Sus- Dis- 
pended |solved 





Sus- | Dis- 
pended |solved 


Total 





A palachicola River: 
Chattahoochee, Fla 
Atchafalaya River: 
Morgan City, La 
Big Horn River: 
ardin, Mont : 
Big Sioux River: 
Sioux Falls, 8S. Dak____-_- 
Chattahoochee River: 
Columbus, Ga__-_--- 
Clinch River: 
Kingston, Tenn* é 
Colorado River: 
Parker Dam, Calif-Ariz_- 
Cumberland River: 
Cheatham Lock, Tenn_-- 
Escambia River: 
Century, Fla 
Great Lakes: 
Duluth, Minn 
Kansas River: 
DeSot :, Kans_ 
Little Miami River: 
Cincinnati, Ohio 
Mississippi River: 
St. Paul, Minn_--- 


2 


coooococociwe @ ©& 





























Average alpha 
radioactivity 
(pCi /liter) 


Average beta 
radioactivity 
(pCi /liter) 
Station a 
Sus- Dis- 
pended|solved 





Total | Sus- | Dis- 
pended|solved 


Total 


Missouri River: 
Williston, N. Dak- 
Bismark, N. Dak 
St. Joseph, Mo_- 
Missouri City, Mo 
Monongahela River: 
Pittsburgh, Pa__ 
North Platte River: 
Henry, Nebr 
Ohio River: 
Cincinnati, Ohio 
Cairo, Ill____ _- 
Platte River: 
Plattsmouth, Nebr 
Potomac River: 
Washington, D. C__-_ 
Rainy River: 
International Falls, Minn_ 
Red River, North: 
Grand Forks, N. Dak___- 
South Platte River: 
Julesburg, Colo--- 
Yellowstone River: 
Sidney, Mont_- 
Maximum_-- 











5 
8 
0 


Minimum ---- 














® Gross beta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations because of the possible contribu- 
tion of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 
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SECTION HII. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest indi- 
cations of changes in environmental] fission product 
radioactivity. To date, this surveillance has been 
confined chiefly to gross beta radioanalysis. Al- 
though such data are insufficient to assess total] 
human radiation exposure from fallout, they can 
be used to determine when to modify monitoring 
in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized period- 
ically to show current and long-range trends of 
atmospheric radioactivity in the Western Hemi- 


Network 


HASL Fallout Network 
HASL 80th Meridian Network 
Plutonium in Airborne Particulates 


August 1969 


July-December 1967 
Calendar Year 1966 
January-March 1968 


sphere. These include data from activities of the 
U.S. Public Health Service, the Canadian Depart- 
ment of National Health and Welfare, the Mexican 
Commission of Nuclear Energy, and the Pan 
American Health Organization. 

An intercomparison of the above networks was 
performed by Lockhart and Patterson in 1962 and 
is summarized in the January 1964 issue of 
Radiological Health Data. In addition to those 
programs presented in this issue, the following 
programs were previously covered in Radiological 
Health Data and Reports. 


Period Issue 


September 1968 
December 1968 
January 1969 





1. Radiation Alert Network 
April 1969 


Bureau of Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “field estimates” 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 
products have decayed, and at 29 hours after 
collection when most of the thoron daughter 
products have decayed. They also perform field 


estimates on dried precipitation samples and 
report all results to appropriate Bureau of Radio- 
logical Health officials by mail or telephone de- 
pending on levels found. A compilation of the daily 
field estimates is available upon request from the 
Radiological Surveillance Branch, Division of 
Environmental Radiation, BRH, Rockville, Md. 
A detailed description of the sampling and 
analytical procedures was presented in the April 
1968 issue of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates and 
deposition by precipitation, as measured by the 
field estimate technique, during April 1969. Time 
profiles of gross beta radioactivity in air for eight 
Radiation Alert Network stations are shown in 
figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure 1. Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, April 1969 





| | Precipitation 
' ————— 


Air surveillance Last 
: : gross beta radioactivity profile Field estimation of deposition 
Station location (pCi/m*) in 

RHD&R | 








samples | (mm) ae Depth Total 
rs) 


(mm) | d iti 
Maximum | Minimum samples (Ci /m?). 
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® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
» No report received. (Air samples received without field estimate data are not considered by the data program.) 

¢ No precipitation sample collected. 

4 This station is part of the plutonium in precipitation network. No gross beta measurements are done. 

e Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air, Radiation Alert Network, 1963-April 1969 
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2. Canadian Air and Precipitation 
Monitoring Program', April 1969 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation in 
connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are lo- 
cated at airports (figure 3), where the sampling 
equipment is operated by personnel from the 
Meterological Services Branch of the Department 
of Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpreta- 
tion of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the July 
1969 issue of Radiological Health Data and Reports. 


1 Prepared from information and data in the may 1969 
monthly report “Data from Radiation Protection Program,” 
Canadian Department of National Health and Welfare, 
Ottawa, Canada. 


Surface air and precipitation data for April 
1969 are presented in table 2. 


Table 2. 


Canadian gross beta radioactivity in surface 
air and precipitation, April 1969 





Air surveillance gross 
beta radioactivity 
(pCi/m*) 


Precipitation 
measurements 





Station 
Average| Total 
concen- | deposi- 
tration tion 
(pCi/ (nCi/ 
liter) m?) 


Max- | Min- 
imum | imum 
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Figure 3. Canadian air and precipitation stations 
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3. Pan American Air Sampling Program 
April 1969 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
U.S. Public Health Service (PHS) to assist 
PAHO-member countries in developing radio- 
logical health programs. 

The air sampling station locations are shown in 
figure 4. It should be noted that a new sampling 
station has been established in Cuenca, Ecuador. 
Analytical techniques were described in the Jan- 
uary 1968 Radiological Health Data and Reports. 
The April 1969 air monitoring results from the 
participating countries are given in table 3. 





SANTIAGO 











Figure 4. Pan American Air Sampling Program stations 
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Table 3. 


Summary of gross beta radioactivity in Pan 
American surface air, April 1969 





| Gross beta rsdioactivity 
| Number i 


(pCi/m*) 
Station location of | 


samples 





Maximum | Minimum | Average * 





Argentina: Buenos Aires -_-- 
Bolivia: La Paz 
Chile: Santiago 
Colombia: Bogata- 
Ecuador: Cuenca-- -- ---- 
Guayaquil 
Quito 
Guyana: Georgetown 
Jamaica: Kingston 
Peru: Lima 








West Indies: Trinidad. ---- 








Pan American summary ----| 





* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m? are reported 
and used in averaging as 0.00 pCi/m'*. 

NS, no sample 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other media 
not reported in the previous sections. Included 
here are such data as those obtained from human 


bone sampling, bovine thyroid sampling, Alaskan 
surveillance, and environmental monitoring around 
nuclear facilities. 





Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in the 
vicinity of major Commission installations. The 
reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 


set forth by AEC’s Division of Operational Safety 
in directives published in the “AEC Manual.””! 
Summaries of the environmental radioactivity 
data follow for the Feed Materials Production 
Center, and the National Reactor Testing Station. 


1 Title 10, Code of Federal Regulations, Part 20, “Stand- 
ards for Protection Against Radiation” contains essentially 
o — published in Chapter 0524 of the AEC 

anual. 





1. Feed Materials Production Center’ 
July-December 1968 


National Lead Company 
Fernald, Ohio 


The Feed Materials Production Center (FMPC) 
is operated by the National Lead Company of 
Ohio for the AEC. The location as related to 
populated areas is shown in figure 1. Cincinnati 
and Hamilton, the larger nearby communities, are 
situated 20 and 10 miles from the center, respec- 
tively. Operations at this project deal with the 
processing of high-grade uranium ores and ore 
concentrates to produce metallic uranium and 
with fabricating the metal into fuel elements. 

During the many involved reactions and pro- 
cesses that lead to the production of reactor fuels, 
various liquid and airborne wastes are generated. 
These wastes contain varying quantities of 
uranium. Various in-plant methods are used to 
curtail their release into the environment sur- 
rounding the plant. Almost complete removal 


2 Summarized from ‘Feed Materials Production Center 
Environmental Monitoring Semiannual Report for the 
Second Half of 1968, Summary Report for 1968’’ (NLCO- 
1036). 
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Figure 1. Area map of Feed Materials Production Center 
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of the materials is accomplished by using dust 
collectors and waste treatment processes. In 
order to determine what concentrations reach the 
area surrounding the project an environmental 
survey program has been established which con- 
sists of water, soil, and air sampling of the environs 
and performing those analyses on the samples 
that are indicative of material released from the 
plants. 


Air monitoring 


Onsite air samples are obtained from four 
permanent perimeter air sampling stations, lo- 
cated at the four corners of the production area 
as shown in figure 2. Samples from these perimeter 
stations are collected once each week and analyzed 
for uranium and total radioactivity. Offsite 
samples are collected by a mobile air sampling 
unit. The location at which samples are collected 
is determined by local meteorological conditions 
on the day of sampling. Approximately 20 percent 
of all samples are taken upwind of the FMPC 
plant. Replicate samples are taken at each 
sampling point and averaged to obtain a repre- 
sentative concentration for that location. Con- 
centrations of uranium and total radioactivity 
of airborne particulates sampled at onsite and 
offsite locations are given in table 1. 


Water monitoring 


Each of the individual production plants on 
the project has collection sumps and treatment 
equipment to remove the uranium from the process 
waste water. The effluent from the plants are 
collected at a general sump for equalization and 
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Figure 2. Air and water sampling stations, Feed 
Materials Production Center 


settling. The clear water from the sump is pumped 
to the river The solid portion is pumped to a 
chemical waste pit for further settling. The flow, 
which is decanted to the clear well portion of the 
pit, is virtually free of solids and radioactivity. 
The effluent from the sump and clear well are 
combined with waste water from the FMPC 
water treatment plant, sanitary sewage treatment 
plant, and storm sewage system and discharged 
via a common effluent outfall into the Great 
Miami River. A Parshal-Flume-type water sam- 
pler collects samples of the combined effluent 
stream, which are removed and analyzed daily. 
These results are utilized with measurements of 
river flow in calculating the radioact:ve contami- 


Table 1. Radioactivity levels of airborne particulates, Feed Materials Production 
Center, July-December 1968 





Number 
of samples 


Uranium concentration 
(pCi/m*)* 


Total radioactivity 
(pCi/m*)> 





Location 
Maximum 


Minimum 





Average |Maximum | Minimum | Average 





Onsite: 
Southwest 
Northwest_ 
Northeast 
— as 


All onsite samples 


Offsite: 
0-2 miles from FMPC 
2-4 miles from FMPC 
4-8 miles from FMPC_-_ 
8-12 miles from FMPC__-. 


All offsite samples - 





























* AEC radiation protection standard—2 pCi/m!. 
» AEC radiation protection standard—100 pCi/m*. 
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nant concentrations added to the river. Weekly 
spot samples are also obtained upstream and 
downstream; a continuous sample is taken for a 
24-hour period and random samples are analyzed 
each week. The results of the FMPC water mon- 


itoring program for July-December 1968 are 
summarized in table 2. 


Recent coverage in Radiological Health Data and Reports: 
Period Issue 
July-December 1967 


August 1968 
January—June 1968 


April 1969 


Table 2. Radioactivity in the Great Miami River, Feed Materials Production Center 
July-December 1968 





Location Number 


Uranium concentration 


(pCi /liter)* 


Total radioactivity 
(pCi /liter)> 





of samples 
High 


High | Low 


Average Average 





Sewer outfall 20 
Upstream from outfall___-_---- 10 
wnhstream from outfall 50 











70 <10 10 
60 <10 20 
90 10 30 











<10 
7 
10 





* AEC radiation protection standard—20,000 pCi /liter. 
> AEC radiation protection standard— 3,000 pCi /liter. 





2. National Reactor Testing Station® 
January-June 1968 


Health Services Laboratory 
U.S. Atomic Energy Commission 
Idaho Falls, Idaho 


Data from the environmental monitoring net- 
work on and around the National Reactor Testing 
Station (NRTS) in eastern Idaho revealed that 
NRTS operations during the first half of 1968 
did not contribute significantly to environmental 
radiation or radioactivity concentration levels. 
These levels remained well below the levels de- 
fined as thresholds of concern by the Federal 
Radiation Council (FRC). The radiation protec- 
tion standards used at the NRTS, which are 
established in AEC Manual Chapter 0524, are 
based on FRC recommendations. In choosing 
applicable standards for drinking water, credit 
has been taken for the fact that no significant 
quantities of radium-226 or radium-228 have been 
released to the environs by NRTS operations. 
The concentrations of radioactivity reported in- 
clude contributions from all sources. No attempt 
has been made to separate radioactivity con- 
tributed by NRTS operations from that con- 
tributed by natural sources of radioactivity or by 
fallout from weapons debris. Samples of air, water 
and milk are collected routinely at stations shown 
in figure 3. The results of the analyses performed 
on the air, water, and milk samples are shown in 
table 3. 

’Summarized from “Environmental Monitoring Report 
No. 22, January-June 1968,”’ U.S. Atomic Ene Commis- 


sion, Idaho Operations Office, Health Services Laboratory, 
National Reactor Testing Station. 


August 1969 


Water monitoring 


Low-level liquid wastes from various operating 
facilities at the NRTS are released to the ground- 
water table through disposal wells and ponds 
located near each facility. Before disposal the 
liquid wastes are carefully monitored at the 
NRTS and, as an added safeguard, offsite under- 
ground water samples are collected and analyzed 
regularly from those populated areas nearest the 
site boundaries. Samples from these locations, 
as shown on the accompanying map, plus the on- 
site samples provide adequate information on the 
underground water leaving the NRTS. A total of 
12 offsite underground water samples and two 
surface water samples were collected during this 
report period. 

Onsite samples are collected on a biweekly 
basis and offsite samples semiannually. A total of 
218 water samples were collected onsite for the 
first 6 months of 1968. 


Air monitoring 


The filters from onsite continuously operated 
samplers are collected and analyzed weekly. 
These filters are analyzed for gross alpha, gross 
beta, and iodine-131 radioactivity. A sampler with 
filters identical to those used for onsite monitoring 
is located at Idaho Falls which indicates the 
radioactivity level from only natural and nuclear 
weapon fallout material. The onsite and Idaho 
Falls air monitoring stations are shown in figure 3. 
The monitoring results from Idaho Falls are 
listed in tables 3 as the offsite station. 
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Figure 3. Environmental monitoring stations, National Reactor Testing Station 


Offsite milk monitoring cations during January-June 1968. 

Natural background radiation levels at TLD 
locations vary, but studies made prior to nuclear 
operations at the NRTS showed that normal 
background levels were of the order of 100-150 
mR/yr. This indicates that NRTS operations 
have added no significant radiation to surround- 
ing areas. 


Offsite milk samples are collected routinely and 
analyzed for iodine-131 and strontium-90 radio- 
activity. During the first 6 months of 1968 a total 
of 90 milk samples were analyzed. The milk 
sample results are given in table 3. 


Gamma radiation levels 


Semiannual measurements (table 3) of external Recent coverage in Radiological Health Data and Reports. 


gamma radiation levels were made with thermo- Period Somme 


. . . January-June 1967 March 1968 
luminescent dosimeters (TLD) at 11 offsite lo- Calention year 1967 October 1968 


Table 3. Environmental monitoring data for the National Reactor Testing Station, January-June 1968 
| 2 





January-June 1968 





Type of sample and units 
Approximate Minimum Maximum Average AEC 
frequency of Type of analysis level of radioactivity radioactivity standards 
collection detection of single per sample 
sample 





Onsite production well water, Alpha_- 
(pCi /liter) y Biweekly Beta_ 
Offsite underground water, Alpha_- 
(pCi /liter) ' 2 | Semiannual ta 


ao 


Surface water, Alpha_- 
(pCi/liter) __--_-_- ‘ ; y Semiannual Beta_ 
Onsite air, (pCi/m*) oon 8 | Continuous — 

ta 


SCUnWmanwue 
A_A 
AHOUs Ue AO 





Iodine-131_ 
Alpha_- 
Beta_ 
Iodine-131 _- 
Monthly lodine-131 __ 
Strontium-90 


Offsite air, (pCi/m*)-_------ some Continuous 




















| P 
| Semiannual Gamma 
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Reported Nuclear Detonations, July 1969 


The U.S. Atomic Energy Commission an- 
nounced that two nuclear tests of low-intermediate 
yield (20-200 kilotons TNT equivalent) were 
conducted underground on July 16, 1969 by the 
Atomic Energy Commission at its Nevada Test 
Site. 


On July 22, 1969, the United States recorded 
seismic signals which originated from the Soviet 
nuclear test area in the Semipalatinsk region. 
The signals were equivalent to those of a nuclear 
test in the low-intermediate yield range (20-200 
kilotons TNT equivalent). 


Erratum 


In the report ‘‘Preliminary Results of Surveys 
of 5,263 Medical X-ray Facilities, 1962-1967” by 
the Bureau of Radiological Health, which ap- 
peared in the June 1969 issue of Radiological 


August 1969 


Health Data and Reports, the sixth line in the 
first paragraph on page 235 should be corrected 
to read “‘.. . 1962 to 1967. Seven States, 1 terri- 


9 


tory and the... .’’. 








SYNOPSES 


_ Synopses of reports, incorporating a list of key words, are furnished below 
in reference card formet for the convenience of readers who may wish to clip 
them for their files. 


ENVIRONMENTAL SURVEILLANCE AROUND A NUCLEAR FUEL 
REPROCESSING INSTALLATION, 1965-1967. William J. Kelleher. Radio- 
logical Health Data and Reports, Vol. 10, August 1969, pp. 329-339 


A summary report of environmental surveillance around a nuclear fuel 
reprocessing plant is presented. This report includes data obtained before and 
after the plant began operations in April 1966. Media monitored included air 
and milk supplies in the surrounding area; liquid wastes; local watersheds and 
streams; silt, deer, and fish in the plant perimeter area. Data obtained through 
1967 indicate that the discharges from the plant stack have not produced 
environmental effects from particulate beta-particle emitters or iodine-131 
that might constitute a public health hazard. Surveillance of the streams 
showed greater concentration of strontium-90 during the fall and winter of 1966-— 
1967 than in the latter part of 1967. Silt removed more cesium-137 than stronti- 
um-90; most of the latter was in the dissolved state. The ratio of cesium-137 to 
cesium-134 (cesium-134 is indicative of spent fuel) in the wastes was about 4 or 
5 to 1. The levels of radioactivity in deer and fish were sufficiently high to require 
careful evaluation of the public health significance. 

KEYWORDS: Air, cesium-134, cesium-137, deer, environmental surveillance, 
fish, iodine-131, milk, New York State, nuclear fuel reprocessing plant, radio- 
activity, silt, strontium-90, water. 


A 5-YEAR SUMMARY OF THE REGULATORY CONTROL OF RADIO- 
ACTIVE MATERIAL IN ARKANSAS. E. F. Wilson and D. D. Snellings, Jr. 
Radiological Health Data and Reports, Vol. 10, August 1969, pp. 341-345. 


The Arkansas State Department of Health, Division of Radiological Health, 
in assuming the regulatory control of radioactive material on July 1, 1963, 
instituted a program of licensing and inspection of all users of regulated material 
with the ultimate goal of preventing, if possible, or reducing to an acceptable 
level, the exposure of ionizing radiation. 

This report is a summary of regulatory activities of the Division of Radio- 
logical Health from 1964 through and including 1968. The early (1964) regu- 
latory inspections did not include sufficient data aoe to the occupational 
exposure of individuals to radiation; however, the noted deficiencies of records 
and radiation safety are well documented. In early 1967, the Division of Radio- 
logical Health prepared all previous data for electronic data processing, and 
currently all regulatory inspections, as well as licensing activities, are prepared 
for electronic data processing on a routine basis. 

KEYWORDS: ion, compliance, ionizing radiation, licenses, occupational 
exposure, radium. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All a ted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Managing 
Editor, Radiological Health Data and Reports, Bureau of 
Radiological Health, PHS, Rockville, Md. 20852. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In dition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 

Titles, authors: Titles should be concise and informa- 
tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 


Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of su keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 
gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 








Illustrations: Glossy photographic prints or original 


illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient. size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label of adhesive strip 
and affixed to the back of eavh illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and ‘units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 





of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the uprer 
left of elements in long series or formulas, ¢.g., 137Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; e.g., strontium—90. 


References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
me ae title of article cited, name of journal abbrevi- 
a according to Index Medicus, volume number, first 
and last p numbers, month or. week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 

Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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